ABSTRACT. In this study, the method development is described for the multi elemental determination of organic rich soil reference material (BCR 700) by the new microwave plasma atomic emission spectrometry (MP-AES). Two sample preparation methods were compared (open vessel digestion on a hot plate and closed vessel microwave assisted digestion) for the BCR sample and EDTA extraction was carried out. The recoveries were tested by MP-AES and inductively coupled plasma optical emission spectrometry (ICP-OES) method to investigate whether the more cost-effective nitrogen supplied microwave plasma is appropriate for the elemental determination of digested organic rich soil samples. The BCR 700 sample was not certified for digestion methods yet similar sample pretreatment is present in the literature with which a good agreement was found. Our results also correlated with the values provided in the certification of the BCR 700 material for EDTA extraction. It was found that the microwave plasma is an effective and lowcost alternative of ICP-OES for soil analysis and with the convenient atmospheric digestion even the organic rich soil samples can be prepared prior to the elemental determination. However, the microwave assisted digestion is faster and easier to conduct. The limit of detection values of the measured elements by MP-AES are sufficiently low for the micro element determination of soils (Cd 70 µg kg ).
INTRODUCTION
Atomic spectrometry provides several tools for elemental analysis [1] [2] [3] . The most widely applied technique is inductively coupled plasma optical emission spectrometry (ICP-OES), which is nowadays a routine method for the quantitative determination of elements from solutions [4] . Nearly together with the ICP, in the 1970s, the microwave excitation sources had been developed and tested [5, 6] , which application possibilities were discussed in several papers so far [7] [8] [9] [10] [11] . The conventional MIP instruments operate on a lower electric capacity and gas flow compared to the ICPs, and their analytical performance is lower due to the lower thermal stability and matrix tolerance of the applied emission source [12] . For these disadvantages it did not became commercially available, however the development of stable MIP sources continuously stayed in the focus of researchers [7, 8, 13 -18] .
The new method has already been applied for several purposes yet many fields of application is still open to the MP-AES technique [19] - [22] .
Soil is one of the most important energy source of ecosystem, which quality must be monitored and preserved. The biological components are the most sensitive to the environmental change and tend to degrade upon human activity [19] [20] [21] [22] [23] [24] . The chemical composition of soil is also an important parameter and can indicate pollution both from natural and anthropogenic origin. Several essential elements are present in soil which are vital for the terrestrial flora and fauna (such as Co, Cu, Fe, Mn, Zn) however, above the threshold limit, they have a toxic effect [25] [26] [27] [28] . There are also toxic elements which have no essential functions to living organisms (such as Al, Pb, Cd, Hg) therefore considered as pollutants in soils [19, 24, [29] [30] [31] [32] [33] . The elemental analysis of soil samples is of high importance to determine the amount of either essential trace metals or the quality and quantity of elemental contaminants. Atomic spectrometric methods are widely applied for this purpose and continuous development is required to meet the environmental principles.
The aim of this paper is to investigate the multi elemental determination of organic rich soil and the new method MP-AES was developed for trace element analysis by measuring a CRM soil (BCR 700) sample for Cd, Cr, Cu, Ni, Pb and Zn.
RESULTS AND DISCUSSION
The organic rich BCR sample was pre-treated by open vessel digestion on a hot plate and closed vessel microwave assisted digestion with the mixture of nitric acid and hydrogen peroxide. The effectiveness of the digestion methods was investigated with internal standards of Bi (added prior to the sample preparation process) and Y (added prior to the elemental analysis).
Since the applied multi element stock solution originally contained Bi, the experiment can be considered as a standard addition procedure. As seen in Figure 1 a good recovery was obtained, since the added Bi concentration was gained in a good agreement and with a low standard deviation. The analysis results for Y is indicated in Figure 2 . It was observed that a 14.02% more than the originally added Y concentration was found in the digested samples, respectively, while in the blank samples the expected value was found. It suggests that the reference material contained Y however its level was under the limit of detection of the MP-AES method. Therefore, it was not detected from the soil samples before its addition. The two internal standards proved that no sample loss occurs during the open vessel sample preparation process. The optimization of the sample pre-treatment was continued with the comparison of the open vessel digestion on a hot plate and closed vessel microwave assisted digestion, with two different initial sample masses (0.2 g and 0.5 g). Figure 3 shows the MP-AES results for the measured elements (Cd, Cr, Cu, Mn, Ni, Pb and Zn) of the BCR 700 sample in case of the two digestion techniques. The concentrations gained after both open vessel digestion on a hot plate and closed vessel microwave assisted digestion provided similar concentration results regardless the initial masses (p>0.05). It indicates that both methods are appropriate for the elimination of the organic matter from the organic rich BCR 700 sample and 0.2 grams is enough to carry out the quantitative analysis. However, the microwave assisted method is faster and requires less attention during operation.
The measurement of Cd, Cr, Cu, Mn, Ni, Pb and Zn was carried out by ICP-OES and MP-AES, respectively. Limit of detection (LOD) values were determined for the measured elements by both techniques and are compared in terms of the applied wavelengths in Table 1 . We can conclude that the MP-AES method is sufficient regarding the LOD data for soil analysis. In some cases, similar LOD results were gained compared to ICP-OES suggesting that the lower temperature plasma source is enough for the excitation of the measured elements. Table 2 indicates the detailed experimental results of BCR 700 analysis comparing ICP-OES and MP-AES data as well as the applied sample pretreatment techniques. The used organic rich reference material is only certified for elemental analysis after EDTA extraction, but Begum et al. (2012) studied its composition after wet digestion [38] . Thus, in the table concentration results gained by digestions are compared with literature data. A good correlation was found between the two atomic spectrometric methods and no significant difference occurred between them according to the statistical analysis. These results prove that the microwave plasma is suitable for the elemental analysis of organic rich soil samples providing a satisfactory multi elemental alternative to ICP-OES.
The excitation source of newly released MP-AES instrument is supported by nitrogen gas instead of argon which price is significantly lower. Also, a nitrogen generator can be applied producing nitrogen gas from air making the system even more cost-effective during operation. However, as found in this study, the emission line of Zn for example is in the ultraviolet range (213.857 nm) which requires the continuous gas purge of the optical system to avoid the absorption caused intensity decrease. The nitrogen generator of MP-AES cannot produce enough gas for purging thus an externally connected nitrogen gas cylinder is suggested to purge the optics.
In case of the EDTA extracted soil samples better recoveries were gained by ICP-OES compared to MP-AES ( Table 3) . Although both methods proved to be accurate we assume that the applied EDTA concentration was high and loaded the lower temperature microwave plasma thus further experiments are required to find the right concentration of the extraction solution that can be directly introduced to the microwave plasma without causing interferences. 
CONCLUSIONS
The new microwave plasma atomic emission method was tested for the elemental analysis of organic rich soil (BCR 700) certified reference material. It was found that no significant difference occur between the open vessel digestion on a hot plate and closed vessel microwave assisted wet digestion. Both sample preparation techniques are suitable for the pre-treatment of organic rich soil samples, however the microwave digestion is faster and easier to conduct.
The MP-AES method proved to be appropriate for the determination of Cd, Cr, Cu, Mn, Ni, Pb and Zn after the digestion procedure. However, the EDTA level present in the extracted soil samples loaded the microwave plasma and better recoveries were gained by ICP-OES. The EDTA content should be reduced or completely removed prior to the MP-AES determination to avoid the matrix effects or external oxygen should be applied among nitrogen to elevate the robustness of the excitation source.
EXPERIMENTAL SECTION

Sample preparation
The BCR 700 certified reference material of organic rich soil was homogenized then dried until constant weight at 105°C in drying cabinet.
For the open vessel digestion, on a hot plate, 0.5 grams of the dried sample was weighed on analytical balance (Precisa 240A) into glass beakers and was digested on an electric hot plate along with 4 ml 65 % (m/m) nitric acid (analytical grade VWR) and 0.50 ml of 30 % (m/m) hydrogen peroxide (reagent grade Scharlau). After the heating, samples were transferred without loss into volumetric flasks and filled up until 25 ml with 0.1 M nitric acid prepared in ultrapure water (MilliQ A10, Millipore). The sample pretreatment was carried out with a reduced, 0.2 grams of initial sample mass as well. The preparation was carried out in triplicate.
The closed vessel microwave assisted digestion was carried out in an ETHOS UP system from Milestone. Digestion parameters and the thermal program are indicated by Table 4 . The same amount of dried soil sample (0.2 g and 0.5 g) and chemicals were applied as well as the final volume of the gained solutions was 25 ml -similarly to the atmospheric digestion process. In order to verify the digestion steps internal standards were used. Prior to the sample pretreatment a known concentration of Bi stock solution was applied since according to our preliminary measurements Bi was present under the limit of detection in the BCR material. Two sample series were prepared:
 SA -containing a multi element standard stock solution (Merck IV) nitric acid and hydrogen peroxide,  SB -SA + BCR 700 and Bi.
The prepared 5 samples contained the multi element solution in an increasing order from 1 mg L -1 to 5 mg L -1 . After the atmospheric digestion a known concentration (1 mg L -1 ) of Y standard solution was also added to SB samples. The detailed compositions of the model samples are indicated in Table 5 . The BCR 700 material is certified for EDTA extraction. On analytical balance 5 grams of dried BCR sample was measured and 50 ml of 0.05 M EDTA (Merck) was added to it in Erlenmeyer flasks. Ultrasound bath (Transsonic 460/H) was used for one hour. Then extracted soil samples were filtered (Schleicher & Schuell 595 ½ 1.4 µm) into 50 ml volumetric flasks. In Table 6 the conditions of sample preparation applied for BCR 700 reference material are summarized. 
Instrumentation
The BCR soil samples were determined for Cd, Cr, Cu, Ni, Pb and Zn by inductively coupled plasma optical emission spectrometry (ICP-OES 5100 Agilent Technologies) and microwave plasma atomic emission spectrometry (MP-AES 4200, Agilent Technologies) after the open vessel digestion on a hot plate and closed vessel microwave assisted digestion as well as the EDTA extraction. A 5 points calibration was applied (Merck ICP IV) and the purity of chemicals were verified by measuring blank samples.
The first commercially available microwave plasma atomic emission spectrometer (MP-AES) was released in 2011, which applies a robust excitation source for stable and continuous measurements. The magnetron generates electromagnetic wavelengths at 2.5 GHz and the magnetic field is focused axially around the torch. Plasma is supplied with nitrogen produced by a generator from air which makes the technique the most cost-effective one in the field of atomic spectrometry. The excitation source has a lower temperature (approx. 5000-6000 K) to that of the inductively coupled ones (approx. 8000-10000 K) and the interferences occurring in the plasma is less studied so far.
Measuring parameters together with the applied wavelengths are indicated in Table 7 . The MP-AES software provides less parameters to be adjusted by the user since the microwave plasma provides robust in a narrower range compared to the inductively coupled one. Thus, values of nitrogen flow are fixed however the nebulizer pressure can be adjusted per the measured elements.
The viewing position in case of both instruments was zero. In MP-AES automatic background correction was applied while in ICP-OES measurements fitted correction was used -both offered by the Agilent Spectra software. Solutions were measured in analyte type except the standards of calibration. Double pass spray chamber and sea spray nebulizer was used for sample introduction along with SPS3 (Agilent Technologies) autosampler. 
Evaluation of data
Statistical analysis was applied to compare the elemental analytical results gained by ICP-OES and MP-AES method. General Linear Model (ANOVA) was used (SPSS IBM 22) where the homogeneity of the groups was tested by Levene's test and the significant differences were evaluated by Tukey's Multiple Comparison test.
